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20 

Field of the Invention 

The present invention relates generally to fabric article drying appliances (a non-limiting 
example of which includes clothes drying equipment) and is directed to an apparatus of the type which 
dispenses a "benefit composition" through a nozzle that directs the benefit composition as droplets or 

25 particles into a chamber (e.g., a moving or stationery drum) of the fabric article drying appliance. 
The invention is additionally disclosed as a system that sprays droplets or particles that provide 
benefits to the fabric articles within the fabric article drying appliance, in which the system includes 
one or more safety features, and/or the system includes beneficial control concepts that enhance the 
effects of the benefit composition being dispensed through the nozzle. An optional door or lid "open" 

30 detector is provided, which can cause the benefit composition to stop spraying, and also can 
disconnect electrical power to a high voltage power supply that may be included when the system uses 
electrostatic spray droplets. An optional motion detector is provided, which in embodiments utilizing 
a dryer can determine whether the movable drum of the dryer is actually in motion, and thus can 
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prevent the benefit composition fi-om being sprayed merely by (perhaps inadvertently) pressing a start, 
or ON-OFF button. Another optional feature is a split-spray cycle, in which a first spraying event 
starts and ends, followed by some elapsed time during which no benefit composition is dispensed, then 
followed by at least a second spraying event. Such a second (or a third) spraying event can be 
5 controlled to "wait" for a predetermined condition, if desired, such as a threshold of relative humidity 
in the fabric article drying appliance, a threshold of temperature within the fabric article drying 
appliance, the cool-down cycle of the fabric article drying appliance, etc. The second (or further) 
spraying event can run at a different charging voltage for the electrostatic spray, if desired, or it can 
add a perfume or other beneficial compound into the interior of the fabric article drying appliance. 

10 The invention can be provided as a stand-alone (or "discrete") unit that may attach to the inner and/or 
outer surface(s) of a closure structure (e.g., a door, a lid, a hatch, or the like) of the fabric article 
drying appliance and/or household surfaces (e.g. a wall or a coimtertop), which operates without any 
interplay with the fabric article drying appliance normal control system. The invention can also be 
provided as part of an integrated drying apparatus control system, in which the features of the present 

15 invention are fully incorporated into the remaining portions of the controller for the drying apparatus, 
or perhaps the invention can be provided as a partially-integrated control system, in which the 
conventional or "standard" dryer apparatus control system has an interface cable or connector that 
communicates with the control device of the present invention. The control system of the present 
invention includes an optional feature that can vary the power provided to a pump or motor, as the 

20 battery voltage begins to fail in the stand-alone unit, to compensate for lower voltage. The control 
system of the present invention may also include an optional feature that can vary the charging 
voltage applied to the electrostatic sprayer, as the battery voltage begins to fail in the stand-alone imit, 
to compensate for lower voltage. 

25 Background of the Invention 

Fabric article drying appUances such as clothes dryers have been around for decades. 
Methods for treating fabric articles within such dryers are also known in the patent art, although these 
methods have been developed more recently. One conventional automatic clothes dryer that 
incorporates a spray dispenser which dispenses liquids into the drum of the dryer is purportedly 
30 described in United States Patent No. 4,207,683 . 

While the patent art includes spraying devices for use in clothes dryers, these have generally 
been controlled by an integral controller that also controls the entire dryer. Such units can be 
advantageously configured with novel control concepts, and also by use of input signals provided by 
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certain types of sensors that have not been used in the past. As such, it would be advantageous to 
provide a stand-edone spraying device that can be mounted to a closure structure of a fabric article 
drying appliance such as a dryer, and which could include certain safety features, such as a door 
sensor or a motion sensor, and which could include certain operational features, such as providing a 
5 split spra3mig cycle, or controlling a pump to operate at a substantially constant output volume when 
the battery voltage begins to fail, or by varying the voltage of an electrostatic nozzle for different 
spraying events. Such features also would generally be available in a fabric article drying appliance 
control system that is integrated as a single control circuit. 

10 Summary of the Invention 

Li one embodiment of the present invention, a stand-alone (or discrete) dispensing apparatus 
with a control imit is presented, in which a dispensing nozzle is moimted to the interior of a clothes 
dryer, while the control unit is mounted in an exterior relationship to the dryer. The control unit may 
be mounted to any external surface of the fabric article drying appliance, non-limiting examples of 

15 which include: the door or a hd or hatch, the side wall, the top wall, or combinations thereof. 
Furthermore, the dispensing nozzle is in communication with the interior of the fabric article drying 
appliance, and may be mounted on any interior surface of the fabric article drying appliance, non- 
limiting examples of which include: the door or a lid or hatch, the drum, the back wall of the interior 
chamber, moimted through the door, and the like. The discrete dispensing apparatus of the present 

20 invention could, optionally, be mounted as a single unit within the fabric article drying appliance 
within a single housing or enclosure. Moreover, the dispensing apparatus of the present invention 
could, optionally, be integrated into the controller of the fabric article drying appliance (for example, 
a clothes dryer) itself, or it could be partially integrated with the dryer's controller in a manner such 
that it is connected to the dryer's controller through an electrical connector or via a communications 

25 port. 

It is another advantage of the present invention to provide a spraying apparatus for use in 
fabric article drying appliances that exhibit certain safety features, such as an additional door sensor 
that can terminate operation of the sprayer when the door has been opened, and also a motion sensor 
that can detect if a drum of a dryer is actually moving before allowing a nozzle to dispense the benefit 
30 composition of interest. 

It is a fiirther advantage of the present invention to provide a controller that operates with a 
fabric article drying appliance in which enhanced methodologies allow for a split spraying interval, or 
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by varying the voltage of an electrostatic nozzle, or for effectively increasing the life of the batteries 
of a stand-alone unit by increasing the output of a pump as the battery voltage begins to fail. 

Additional advantages and other novel features of the invention will be set forth in part in the 
description that follows and in part will become apparent to those skilled in the art upon examination 
5 of the following or may be learned with the practice of the invention. 

To achieve the foregoing and other advantages, and in accordance with one aspect of the 
present invention, a fabric article treating system used in a fabric article drying appliance is provided, 
which comprises: a fabric article drying appliance having a chamber and a closure structure, the 
closure structure having a closed position and at least one open position, the closure structure 

10 allowing access to the chamber; a source of benefit composition; a nozzle in communication with the 
chamber; a dispensing apparatus that compels benefit composition firom the source of benefit 
composition toward the nozzle, thereby spraying the benefit composition into the chamber; a closure 
structure sensor; and a control circuit that initiates spraying of the benefit composition, wherein the 
control circuit prevents the benefit composition from being sprayed when the closure structure sensor 

1 5 indicates that the closure structure is not in the closed position. 

In accordance with another aspect of the present invention, a fabric article treating system 
used in a fabric article drying appliance is provided, which comprises: a fabric article drying 
appliance having a movable chamber and a closure structure, the closure structure having a closed 
position and at least one open position, the closure structure allowing access to the movable chamber, 

20 the movable chamber being placed into motion during operation; a source of benefit composition; a 
nozzle in communication with the movable chamber; a dispensing apparatus that compels benefit 
composition fi-om the source of benefit composition to the nozzle, thereby spraying the benefit 
composition into the movable chamber; a motion sensor; and a control circuit that initiates spraying of 
the benefit composition, wherein the control circuit prevents the benefit composition firom being 

25 sprayed when the motion sensor indicates that the movable chamber is not in motion. 

In accordance with yet another aspect of the present invention, a &bric article treating system 
used in a &bric article drying appliance is provided, which comprises: a fabric article drying 
appliance having a chamber and a closure structure, the closure structure having a closed position and 
at least one open position, the closure structure allowing access to the chamber; a source of benefit 

30 composition; a nozzle in communication with the chamber; a dispensing apparatus that compels 
benefit composition fi-om the source of benefit composition toward the nozzle, thereby spraying the 
benefit composition into the chamber; and a control circuit that is configured: (a) to spray the benefit 
composition through the nozzle upon commencement of a spraying event; and (b) to initiate a first 
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spraying interval of the spraying event and a second spraying interval of the spraying event, such that 
the first spraying interval and the second spraying interval are separated in time. 

In accordance with still another aspect of the present invention, a fabric article treating 
system used in a fabric article drying appliance is provided, which comprises: a fabric article drying 
5 appliance having a chamber and a closure structure, the closure structure having a closed position and 
at least one open position, the closure structure allowing access to the chamber; a benefit composition 
reservoir; a nozzle in communication with the chamber; a pump apparatus that compels benefit 
composition fi-om the benefit composition reservoir toward the nozzle, thereby spraying the benefit 
composition into the chamber; an electric motor that actuates the pump apparatus; a battery; a voltage 

10 sensing circuit that determines an output voltage produced by the battery; and a control circuit that is 
configured: (a) to spray the benefit composition through the nozzle upon commencement of a spraying 
event; (b) to generate a pulse-width modulated variable output signal that controls the electric motor; 
and (c) to increase a duty cycle of the pulse-width modulated variable output signal as the battery- 
produced output voltage decreases, thereby causing the pump apparatus to provide a substantially 

1 5 constant volume of the benefit composition to the nozzle even though the battery has become partially 
discharged such that it cannot maintain its rated output voltage. 

In accordance with a further aspect of the present invention, a fabric article treating 
apparatus is provided, which comprises: a source of benefit composition; a nozzle in communication 
with the source of benefit composition; a dispensing apparatus that compels the benefit composition 

20 fi-om the source of benefit composition toward the nozzle, thereby spraying the benefit composition; at 
least one safety sensor; and a control circuit that initiates spraying of the benefit composition, wherein 
the control circuit prevents the benefit composition fi*om being sprayed when the at least one safety 
sensor indicates that a predetermined condition exists. 

Still other advantages of the present invention will become apparent to those skilled in this art 

25 firom the following description and drawings wherein there is described and shown a preferred 
embodiment of this invention in one of the best modes contemplated for carrying out the invention. 
As will be realized, the invention is capable of other different embodiments, and its several details are 
capable of modification in various, obvious aspects all without departing from the invention. 
Accordingly, the drawings and descriptions will be regarded as illustrative in nature and not as 

30 restrictive. 
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Brief Description of the Drawings 
The accompanying drawings incorporated in and forming a part of the specification illustrate 
several aspects of the present invention, and together with the description and claims serve to explain 
the principles of the invention. In the drawings: 
5 FIG. 1 is a perspective view of an embodiment for a stand-alone fabric article treating 

apparatus that is constructed according to the principles of the present invention. 

FIG, 2 is a perspective view from the opposite angle of the fabric article treating apparatus of 

FIG. 1, 

FIG. 3 is an elevational view from one end in partial cross-section of the fabric article 
1 0 treating apparatus of FIG. 1, illustrating the internal housing and external housing, as joined together 
by a flat cable. 

FIG. 4 is an elevational view from one side in partial cross-section of the internal housing 
portion of the febric article treating apparatus of FIG. 1 . 

FIG. 5 is a block diagram of some of the electrical and mechanical components utilized in the 
1 5 fabric article treating apparatus of FIG. 1 . 

FIG. 6 (comprising FIGS. 6 A, 6B, and 6C) is a schematic diagram of a first portion of the 
electronic controller utilized in the fabric article treating apparatus of FIG. 1. 

FIG. 7 is an electrical schematic diagram of other portions of the controller, including the 
power supply components, of the fabric article treating apparatus of FIG. L 
20 FIG. 8 is a diagrammatic view in partial cross-section of the fabric article treating apparatus 

of FIG. 1, as it is mounted to the door of a clothes dryer apparatus. 

FIG. 9 is a perspective view of a fabric article drying appliance that has a nozzle which 
sprays a benefit composition into the drum portion of the dryer, as constructed according to the 
principles of the present invention. 
25 FIG. 10 is a diagrammatic view of some of the components utilized by an alternative 

embodiment stand-alone fabric article treating apparatus that is constructed according to the 
principles of the present invention, in which the entire treating apparatus is contained within a single 
housing or enclosure. 

30 Definitions 

The phrase "fabric article treating system" as used herein means a fabric article drying 
appliance, a non-limiting example of which includes a conventional clothes dryers and/or 
modifications thereof. The fabric article treating system also includes a fabric article treating 
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apparatus which may be discrete in relation to the fabric article drying appUance and/or it may be 
integrated into the &bric article drying appliance. Furthermore, the fabric article treating apparatus 
may be integrated into a readily replaceable portion of the fabric article drying appliance, a non- 
limiting example of which includes a closure structure of the drying appliance. 
5 "Fabric article" (or "fabric") as used herein means any article that is customarily cleaned in a 

conventional laundry process or in a dry cleaning process. The term encompasses articles of fabric 
including but not limited to: clothing, linen, draperies, clothing accessories, leather, floor coverings, 
sheets, towels, rags, canvas, polymer structures, and the like. The term also encompasses other items 
made in whole or in part of fabric material, such as tote bags, furniture covers, tarpaulins, shoes, and 
10 the like. 

The phrase "critical moisture content" as used herein, relates to the moisture content of the air 
within the clothes drying appliance, the moisture content of one or more fabric articles, and 
combinations thereof. 

15 Detailed Description of the Invention 

Reference will now be made in detail to the embodiments of the invention, examples of which 
are illustrated in the accompanying drav^gs, wherein like numerals indicate the same elements 
throughout the views. 

Referring now to the embodiment of FIG. 1, a "stand-alone" controller and dispenser xmit 
20 (i.e., as a self-contained device), generally designated by the reference numeral 10, is illustrated as 
having two major enclosures (or housings) 20 and 50. In this embodiment, the enclosure 20 acts as 
an "inner housing" which is located in the interior of a i^bric article drying appliance, while the 
enclosure 50 acts as an "outer housing" that is located in the exterior of the fabric article drying 
appliance. The enclosure 50 may be mounted on the exterior surface of the febric article drying 
25 appliance door, however, it may instead be moimted on any exterior surface, non-limiting examples of 
which include: the side walls, the top walls, the outer surface of a top-opening lid, and the like, 
including a wall or other household structure that is separate from the fabric article drying appliance. 
Furthermore, the enclosure 20 may be mounted on any interior surface of the fabric article drying 
appliance, examples of which include, but are not limited to: the interior surface of the door, the drum 
30 of the fabric article drying appliance, the back wall, the inner surface of a top-opening lid, and the 
like. 

Enclosure 50 may be permanently mounted to the exterior surface, or preferably releasably 
attached to the exterior surface. Likewise, enclosure 20 may be permanently mounted to the interior 
surface, or releasably attached to the interior surface. One configuration for such an attachment is 
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illustrated in FIG. 8, in which the door of the drying appliance is generally designated by the reference 
numeral 15. 

When mounted on the interior surface of the door, for example, the enclosure 20 may be 
constructed so as to have the appearance of being "permanently" mounted, such that it seems to be 
5 "built into" the door of a dryer unit (or other type of fabric article drying appliance), without it 
actually being truly constructed as part of the fabric article drying appliance. On the other hand, 
enclosure 20 perhaps may be more loosely mounted near the door, or along side the interior surface of 
the door, much like one of the embodiments 10 as depicted in FIGS. 1-4 that "hangs" along a vertical 
door of the appliance. It will be understood that the term "door," as used herein, represents a movable 

10 closure structure that allows a person to access an interior volume of the dryer apparatus, and can be 
of virtually any physical form that will enable such access. The door "closure structure" could be a 
Hd on the upper surface of the dryer apparatus, or a hatch of some sort, or the like. 

It will be imderstood that the present invention can be readily used in other types of fabric 
"treating" devices, and is not limited solely to clothes "dryers." In the context of this patent document, 

15 the terms "dryer" or "drying apparatus" or "fabric article drying appliance" include devices that may 
or may not perform a true drying function, but may involve treating fabric without attempting to 
literally dry the fabric itself. As noted above, the terms "dryer" or "drying apparatus" or "fabric 
article drying appliance" may include a "dry cleaning" process or apparatus, which may or may not 
literally involve a step of drying. The term "fabric article drying appliance" as used herein, also refers 

20 to any fabric treating device that utilizes moving air directed upon one or more fabric articles, a non- 
limiting example of which includes a clothes dryer, and modifications thereof. Such devices include 
both domestic and commercial drying units used in dwellings. Laundromats, hotels, and/or industrial 
settings, for example. 

In addition to the above, it should be noted that some drying appliances include a drying 
25 chamber (or "drum") that does not literally move or rotate while the drying appliance is operating in a 
drying cycle. Some such dryers use moving air that passes through the drying chamber, and the 
chamber does not move while the drying cycle occurs. Such an example dryer has a door or other 
type of access cover that allows a person to insert the clothing to be dried into the chamber. In many 
cases, the person "hangs" the clothing on some type of upper rod within the drying chamber. Once 
30 that has been done, the door (or access cover) is closed, and the dryer can begin its drying function. A 
spraying cycle can take place within such a unit, however, care should be taken to ensure that the 
benefit composition becomes well dispersed within the drying chamber, so that certain fabric items do 
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not receive a very large concentration of the benefit composition while other fabric items receive very 
little (or none) of the benefit composition. 

It should be noted that the treating apparatus 10 may be groimded by way of being in 
contact with a grounded part of the fabric article drying appliance such as by a spring, patch, magnet, 
5 screw, arc corona discharge, or other attaching means, and/or by way of dissipating residual charge. 
One non-limiting way of dissipating the charge is by using an ionizing feature, for example a set of 
metallic wires extending away firom the source. In many instances fabric article drying appliances 
such as clothes dryers have an enameled surface. One method of grounding would be to ground to the 
enameled surface of the fabric article drying appliance by utiUzing a pin that penetrates the non- 
10 conductive enamel paint for grounding thereto. Another method of grounding to the non-conductive 
sur&ce of a fabric article drying appliance comprises the usage of a thin metal plate that is positioned 
between the fabric article drying appliance and the fabric article treating device which serves to 
provide a capacitive discharge. Typical thickness of such a plate is fi^om about 5 microns to about 
5000 microns. 

15 In FIG. 1, a discharge nozzle 24 and a "door sensor" 22 are visible on the inner housing 20, 

which also includes a benefit composition-holding reservoir 26 within an interior volume of the inner 
housing 20. The reservoir 26 may be used to hold a benefit composition. The discharge nozzle 24 
can act as a fluid atomizing nozzle, using either a pressurized spray or, along with an optional high 
voltage power supply (not shown in FIG. 1) it can act as an electrostatic nozzle. One suitable 

20 example of a fluid atomizing nozzle is a pressure swirl atomizing nozzle made by Seaquist Dispensing 
of Gary, Illinois under the Model No. of DU-3813. The benefit composition can comprise a fluidic 
substance, such as a liquid or a gaseous compound, or it can comprise a solid compound in the form 
of particles, such as a powder. Reservoir 26 can be of essentially any size and shape, and could take 
the form, for example, of a pouch or a cartridge; or perhaps the reservoir could merely be a household 

25 water line for situations in which the benefit composition comprises potable water. 

The inner housing 20 and outer housing 50 are generally (but not always) in electrical 
communication. In the embodiment of FIG. 1, a flat cable 40 (also sometimes referred to as a "ribbon 
cable") is run between the two housings 20 and 50, and travels along the inner surface of the fabric 
article drying appliance door 15 (see FIG. 8, for example), over the top of the door 15, and down the 

30 exterior sur&ce of the door 15. As noted above, housings 20 and 50 may be attached to surfaces of 
the fabric article drying appliance other than its door 15. Housing 50 may be attached to any exterior 
sur&ce including a household wall. 
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FIG. 2 shows the same fabric article treating apparatus 10 from an opposite angle, in which 
the outer housing 50 is provided with an ON-OFF switch at 56. The flat cable 40 is again visible in 
FIG. 2, and along the surface of the inner housing 20 visible in FIG. 2, a door mounting strap 21 is 
visible. An end of the mounting strap is also visible in FIG. 1. Certainly other arrangements for 
5 attaching the inner housing 20 to a dryer door 15 (or other interior surface) could be arranged without 
departing from the principles of the present invention. 

Referring now to FIG. 3, the fabric article treating apparatus 10 is illustrated such that the 
reservoir 26 can be seen as an interior volume of the iimer housing 20. In the outer housing 50, a set 
of batteries 52 can be seen, as well as a printed circuit board with electronic components at 54. The 

10 electronic components of one embodiment will be discussed below in greater detail. It will be 
imderstood that any electrical power source could be used in the present invention, including standard 
household line voltage, or even solar power. Batteries may be utilized if it is desired to make the 
apparatus 10 easily portable, however, any appropriate power adapter can be provided to convert an 
AC power source to the appropriate DC voltage(s) used in the electronic components on the PC board 

15 54, or to convert a DC power source (including a battery or solar pzmel) to the appropriate DC 
voltage(s) used in the electronic components on the PC board 54. 

Referring now to FIG. 4, some of the other hardware devices are illustrated with respect to 
the inner housing 20. In the embodiment of FIG. 4, the discharge nozzle 24 acts as an electrostatic 
nozzle, and thereby is coupled with a high voltage power supply 28, by use of an electrical conductor 

20 not shown in this view. A quick disconnect sv^tch 34 is included for safety purposes, so that the high 
voltage power supply 28 can be quickly shut down if necessary. A pump 30 and a corresponding 
electric motor 32 are visible in FIG. 4. Some type of pumping apparatus is used regardless as to 
whether the discharge nozzle 24 is producing a pressurized spray only, or an electrostatic spray that 
utilizes a high voltage power supply 28. 

25 A commonly assigned patent application, U.S. Serial No. 10/418,595, filed April 17, 2003 

and entitled "Fabric Article Treating Method and Apparatus," describes a method for treating a fabric 
article that uses an electrically charged composition that is dispensed through a discharge nozzle. 

FIG. 5 provides a block diagram of some of the electrical and mechanical components that 
are included in a &bric article treating apparatus 10, as constructed according to one embodiment of 

30 the present invention. 

In this example, the high voltage power supply 28 is provided in the inner housing 20, which 
will be used to electrically charge the fluid that will be dispensed through the discharge nozzle 24, 
thus making this an electrostatic nozzle system. The inner housing 20 utilizes a general body or 
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enclosure to contain the devices needed within the drying apphance, and it will be understood that 
such components will generally be subjected to relatively high temperatures during the treatment cycle 
of the drying appliance. Consequently, the more sensitive electronic components will generally (but 
not always) be mounted in a different location, such as in the outer housing SO. 
5 The flat cable 40 will bring certain command signals and electrical power into the inner 

housing 20, and will also receive electrical signals from sensors mounted in the inner housing 20 and 
commimicate those sensor signals back to the outer housing SO. A power supply control signal 
follows a wire 70 through the quick disconnect switch 34 to the high voltage power supply 28. This 
signal can comprise a constant DC voltage, a constant AC voltage, a variable DC voltage, a variable 

1 0 AC voltage, or some type of pulse voltage, depending on the type of control methodology selected by 
the designer of the fabric article treating apparatus 10. 

In one embodiment, the signal at 70 is a variable DC voltage, and as this voltage increases, 
the output of the high voltage power supply 28 will also increase in voltage magnitude, along a 
conductor 39 (e g,, a wire) that is attached to an electrode 38 that carries the high voltage to the 

15 nozzle 24, or into the reservoir 26. The voltage impressed onto the electrode 38 will then be 
transferred into the benefit composition. A constant output voltage DC high voltage power supply 
could optionally be used instead of the variable output voltage power supply 28 of the exemplary 
embodiment. 

Once the benefit composition is charged within the reservoir 26 it will travel through a tube or 
20 channel 42 to the inlet of the pump 30, after which the composition will be pressurized and travel 
through the outlet of the pump along another tube (or channel) 44 to the discharge nozzle 24. For use 
in the present invention, the actual details of the type of tubing used, the type of pump 30, and the 
type of electric motor 32 that drives the pump, can be readily configured for almost any type of 
pressure and flow requirements. The electrical voltage and current requirements of the electric motor 
25 32 to provide the desired pressure and flow on the outlet of the pump 30 can also be readily 
configured for use in the present invention. Virtually any type of pump and electric motor 
combination can be utilized in some form or another to create a useful device that falls within the 
teachings of the present invention, or a stand-alone pimip can be used (i.e., without an associated 
electric motor), as discussed below. 
30 It should be noted that some types of pumps do not require separate input and output lines or 

tubes to be connected thereto, such as peristaltic pumps, in which the pump acts upon a continuous 
tube that extends through an inlet opening and continues through a discharge opening of the pump. 
This arrangement is particularly beneficial for use with electrostatically charged fluids or particles 
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that are being pumped toward the discharge nozzle 24, because the tubing can electrically insulate the 
pump from the charged benefit composition. It should also be noted that an alternative pumping 
device could be used, if desired, such as a spring-actuated pumping mechanism. A non-limiting 
example of a suitable peristaltic pump is the 10/30 peristaltic pump, which may be readily obtained 
5 from Thomas Industries of Louisville, Kentucky. 

The types of control signals used to control the electric motor 32 can vary according to the 
design requirements of the apparatus 10, and such signals will travel along an electrical conductor 72 
to control motor 32, via the flat cable 40. If the motor 32 is a DC variable-speed motor, then a 
variable "steady" DC voltage can be appUed, in which the greater the voltage magnitude, the greater 

10 the rotational speed of the motor. In one embodiment, the electrical signal traveling along conductor 
72 can be a pulse-width modulated (PWM) signal, that is controlled by a microprocessor or a 
microcontroller. Of course, such a pulse-width modulated signal can also be controlled by discrete 
logic, including analog electronic components. 

The fabric article treating apparatus 10 can be enhanced by use of certain sensors, examples 

15 of which include but are not limited to a door (or lid) sensor 22, a motion sensor 36, a humidity sensor 
46, and/or a temperature sensor 48. One door/lid sensor 22 could be an optoelectronic device, such as 
an optocoupler or an optical input sensor, e.g., a phototransistor or photodiode. When the door/lid of 
the drying appliance is opened, then the door sensor 22 will change state, and will output a different 
voltage or current level along an electrical conductor 82 that leads from door sensor 22 back to the 

20 controller in the outer housing 50. This can be used as a safety device to quickly interrupt the 
discharge spray emanating from the nozzle 24. Such a door sensor 22 could be utilized even if the 
control system of FIG. 5 is integrated into the overall "conventional" control system of a drying 
appliance, which would normally have its own door sensor that for example shuts off the rotating 
drum of a dryer when the door becomes opened. In this instance, door sensor 22 can act as a 

25 back-up (or second) door sensor to the dryer's internal "original" sensor that shuts off the drum. One 
example which could be used as a door/lid sensor is an NPN phototransistor, part number 
PNA1801L, manufactured by Panasonic, of Osaka, Japan. 

An alternative configuration for providing a "door" sensor is to use a pressure-sensitive 
conductor within the flat cable 40, and the electrical characteristics of this pressure-sensitive 

30 conductor will vary between a first condition in which the door is open, and a second condition in 
which the door is closed. This type of circuit can act, in essence, like a strain gauge that varies with a 
change in contact pressure, and a low voltage biasing current may be run through the pressure- 
sensitive conductor to provide an output signal that is detected by the control circuit of treating 
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apparatus 10. Such a pressure-sensitive door sensor in cable 40 could eliminate the need for the 
optical-sensitive sensor, described in the preceding paragraph, or may be used to complete the 
operation of the aforementioned optical-sensitive sensor. 

Another type of sensor that can be utilized by the treating apparatus 10 of the present 
5 invention is a motion sensor 36 that may be able to detect if the fabric article drying appliance is 
actually in use. This feature is advantageous for a "stand-alone" treating apparatus which operates 
separately from the fabric article drying appliance's controls, non-limiting examples which include 
those depicted in FIGS. 1-4. For example, if a person was to actuate the ON-OFF switch 56 of the 
treating apparatus 10, but the fabric article drying appliance itself was not in use, then it may be 

10 preferred for the nozzle 24 to be prevented from discharging any of the benefit composition. With a 
motion sensor 36, the treating apparatus 10 may be able to determine whether the fabric article drying 
appliance is actually in operation or not, especially in the case of a clothes dryer having a movable 
drum for its drying chamber. Such a motion sensor 36 can output an electrical signal along a 
conductor 80 that feeds the signal into the controller moimted in the outer housing 50. 

i 5 One example of a motion sensor is a vibration and movement sensing switch manufactured by 

ASSEMtech Europe Ltd., of Clifton, New Jersey, available as Model No. CW1600-3. Another type 
of motion sensor that may be used in the present invention uses a light source to direct (infrared) light 
at a surface, and the relative motion of that surface can be detected by the intensity and/or frequency 
of the returning Ught. Such sensors can measure the actual speed of rotation, if that information is 

20 desired. 

Yet another example of a motion sensor is one which detects sound waves, such as a 
microphone, to determine if the rotating drum of a dryer is in motion. When a dryer is not operating, 
the ambient sound will be at a first level (in decibels) and, when the dryer*s movable drum is placed 
into motion, the overall sound will rise to a second level. A microphone (or some other type of audio 

25 sensor) will be able to detect these sounds and output an electrical signal that is representative of the 
original sounds. This electrical signal (e.g., following the conductive pathway 80 on FIG. 5) can be 
directed to the system controller, where it is analyzed for audio level (e.g., in decibels), and perhaps 
also in terms of its frequency components. In a typical installation for use with the present invention, 
the electrical signal will be compared to a predetermined threshold that is greater than the ambient 

30 sound level when the movable drum is not in motion, but which is less than the overall sound level 
when the movable drum is in motion (with the added tumbling sound of the drum). 

There should be a fairly wide margin between the "moving sound level" and the "non-moving 
sound level," so that the system designer can select a threshold with confidence. However, an 
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adjustable threshold could be provided, for example, if there is a possibility that the drying apparatus 
will be installed in a setting that may involve an abnormally-loud ambient condition, such as in a 
commercial laundromat. The threshold detector that makes a decision concerning the present sound 
level can comprise a separate voltage comparator circuit, if desired; or the electrical signal on the 
5 pathway 80 can be put through an A/D (analog-to-digital) converter and thus transformed into a 
binary number. Once the signal has been converted to a numeric value, the microcontroller 60 can 
perform any appropriate signal analysis in software, if desired. This could include both frequency 
and amplitude signal analysis, if necessary or desired, although a more powerful (i.e., "faster" or 
perhaps of higher resolution) A/D converter may be needed if a frequency analysis is to be performed. 

10 Another circuit that could be applied to the audio signal on pathway 80 is a frequency filter. 

For example, a high-pass filter or a low-pass filter could be included to filter out a range of 
frequencies that can essentially be ignored for the purposes of determining whether or not the movable 
drum of the dryer is in motion. Such filters are typically inexpensive, and can comprise very few 
components. One advantage of a frequency filter is that it can be placed "upstream" of the processing 

15 components, including the A/D converter, and thereby eliminate noise or other unwanted audio 
frequency components that might otherwise negatively affect the decision to be made by the threshold 
comparator. 

It should be noted that the audio frequencies to be detected by the motion sensor 36 (when in 
the form of a microphone, for example) do not necessarily need to be within the human hearing range 

20 of frequencies. For the purposes of the present invention, the term "audio frequency" may include 
ultrasonic (i.e., higher in frequency than a human can discern) and/or infrasonic (i.e., lower in 
frequency than a human can discern). 

hi addition to the above use of a "soimd sensor" (such as a microphone), an audio sensor 
could also be used to detect a different type of motion in a fabric article drying appliance. As noted 

25 above, not all fabric article drying appliances include a movable chamber, such as a rotating drum. 
Some fabric article drying appliances merely blow air toward their "targets" (e.g., wearing apparel 
and the like) without any other type of mechanical movement, except for a blower or fan that propels 
the (sometimes warm or hot) air. An audio sensor could detect such air movement, or perhaps the 
noise made by the blower or fan. Moreover, an air flow switch could also detect such air movement. 

30 Thus, the term "motion detector" as used in this patent document will include air flow sv^tches and/or 
microphones (and the like), which can detect whether or not a non-moving fabric article drying 
appliance is operating, when such fabric article drying appliance operation involves only the 
movement of air. 
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In the case of a fabric article drying appliance having a movable drum, such as a 
conventional dryer, motion sensor 36 provides a safety benefit in that the composition which is to be 
discharged through the nozzle 24 will not be permitted to actually spray out, unless the motion sensor 
36 can detect actual motion of the dryer's drum. This could prevent a child, or even a somewhat 
5 careless adult, from initially pressing the "start" switch (or ON-OFF switch 56) of a stand-alone unit 
constructed according to the present invention, and then otherwise cause spray droplets to be ejected 
by the nozzle 24, solely by pressing that switch. 

Of course, a motion sensor may not be needed at all if the control system for treating 
apparatus 10 is integrated into the rest of a "conventional" overall control circuit that comes with the 
1 0 fabric article drying appliance itself (or if the fabric article drying appliance is of a type in which the 
drying chamber does not move). Such an integrated fabric article drying appliance control system 
would naturally be aware as to whether or not the fabric article drying appliance is operating. 
However, in such an integrated control system, a motion sensor may still be desirable as a safety 
back-up device. 

15 If the motion sensor 36 is one that detects sound, rather than mechanical motion, then it may 

be able to more quickly determine if a fabric article drying appliance such as the drum of a dryer has 
slowed down or stopped, once it has already started operating. This could be useful in a situation in 
which the "on-time" for the dryer was set by a human user to be quite short (either by design or by 
accident), such that the spray time of the nozzle 24 might actually be set to a longer time duration 

20 than the dryer's operating on-time. Without a motion sensor of some type, the dryer's control circuit 
(particularly for a stand-alone spraying system) would tend to continue spraying the benefit 
composition, even though the dryer's drum has stopped, or has begun to slow down. Any appropriate 
motion sensor could be used to prevent the continued spraying; however, the audio sensor may discern 
the slowing condition of the dryer's drum before a mechanical motion detector might be able to detect 

25 such a change in the operating state of the dryer. 

Another sensor that could be used with the fabric article treating apparatus 10 of the present 
invention is a humidity sensor 46, which can be used to control the amount of spray droplets being 
discharged by the nozzle 24, and also could be utilized to determine the proper environmental 
conditions during an operational cycle that the spraying events should take place. Additionally, this 

30 humidity sensor may be used to maintain a specified humidity by controlling the dispensing of the 
benefit composition such that optimal de-wrinkling and/or other benefits are achieved. This will be 
discussed in greater detail below, but suffice to say that many different types of humidity sensors 
could be used in conjunction with the present invention, including variable conductivity sensors, such 
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as a sensor manufactured by Honeywell, of Freeport, Illinois, under the Model No. HIH-36 10-001, 
although any of the HIH-36 10 Series may be used. 

The humidity sensor 46 will provide an output signal along an electrical conductor 84 that 
leads back to the controller of the outer housing 50. If the humidity sensor 46 is purely a variable 
5 conductance (or variable resistance) device, then some type of interface circuit would be necessary to 
provide some biasing current or biasing voltage to generate an output signal (as a current or voltage) 
that can be input on conductor 84 to the controller (e.g., the electronics on PC board 54 — see FIG. 3). 

A further sensor that could be useful in the treating apparatus 10 of the present invention is a 
temperature sensor 48, such as one that outputs an analog signal along the electrical conductor 86 

1 0 that leads back to the controller in the outer housing 50. (It should be noted that some temperature 
sensors have a serial bus to carry a digital output signal, rather than outputting an analog voltage.) 
The temperature sensor 48 may not be necessary for many of the control features of the treating 
apparatus 10, however, the interior temperature of the drying appliance could be used to determine the 
proper environmental conditions for certain spraying events to occur, particularly if a "final" spraying 

1 5 event of the benefit composition in reservoir 26 is to take place during a "cool down" cycle of the 
drying appliance. This will be discussed in greater detail below. In addition, the temperature sensor 
48 can also be used as an indicator that the drying appliance is operating properly — if the drying 
appliance has not warmed up to a predetermined minimum temperature, then its heating element (or 
burner) may not be working correctly, and it might be better if the benefit composition was not being 

20 sprayed in that circiunstance. 

The major components of the exterior housing 50 typically comprise the electronics 54 and 
the power source 52. For example, if power source 52 comprises four D-cell batteries connected in 
series, a +6 volt DC voltage will be provided to a set of DC power supplies generally designated by 
the reference numeral 58. The schematic drawings provided in FIGS. 6A-6C and 7 will show these 

25 power supplies 58 in greater detail, but for discussion purposes only, it will be presumed that more 
than one DC power supply voltage will be required by the control circuit in the outer housing 50. 
One of the DC power supply voltages provides energy for the high voltage power supply 28, via the 
electrical conductor 70 that runs through the flat cable 40. Another output voltage is provided to a 
microcontroller 60, which in the exemplary embodiment depicted in FIGS. 6A-6C, requires a +3.3 

30 volt DC power supply. In the exemplary embodiment of FIGS. 6A-6C, a digital-to-analog converter 
(DAC) 62 is used, and the device provided by Analog Devices of Norwood, Massachusetts (Part No. 
AD 5301), requires a +5 volt DC power supply. All of these power supplies are provided by the "set" 
of DC power supplies 58. 
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Referring now to FIGS. 6A-6C, a component which can be used for controlling the treating 
apparatus is a microcontroller 60. A suitable microcontroller 60 is manufactured by Microchip of 
Chandler, Arizona, under the Part No. PIC16LF876-04/P, but of course, other microcontrollers made 
by different manu&cturers could easily be used. Microcontroller 60 includes on-board Random 
5 Access Memory (RAM), on-board FLASH Memory, which comprises electrically programmable 
non-volatile memory elements, as well as on-board input and output lines for analog and digital 
signals. The microcontroller 60 may also be used with a crystal clock oscillator, although an RC 
circuit could instead be used as a clock circuit, if desired. The clock circuit provides the timing clock 
pulses necessary to operate the microcontroller 60. The PIC16LF876 microcontroller also has a 
10 serial port that can be interfaced to an optional programmer interface using an RS-232 
communications link. 

It will be understood that the microcontroller 60 could be virtually any type of 
microprocessor or microcontroller circuit commercially available, either with or without on-board 
RAM, ROM, or digital and analog I/O, without departing from the principles of the present invention. 

15 Moreover, a sequential processor is not necessarily required to control the treating apparatus 10, but 
instead a parallel processor architecture could be used, or a logic state machine architecture could be 
used. Furthermore, the microcontroller 60 could be integrated into an Application Specific Integrated 
Circuit (ASIC) that could contain many other logic elements that can be used for various functions, 
such functions being optional depending upon the model number of the treating apparatus 10 that will 

20 be sold to a consumer. To change model number features, the manufacturer need only program the 
ASIC (or the on-board ROM of a microcontroller) according to the special parameters of that 
particular model, while using the same hardware for each of the units. 

It will also be understood that discrete digital logic could be used instead of any type of 
microprocessor or microcontroller unit, or even analog control circuitry could be used along with 

25 voltage comparators and analog timers, to control the timing events and to make decisions based on 
the input levels of the various sensors that are provided with the treating apparatus 10. 

FIGS. 6A-6C also includes an optional reset switch designated SWl. Such a reset svdtch 
may not be desired for a consumer apparatus. The ON-OFF switch 56 is interfaced to one of the I/O 
inputs to the microcontroller 60. A number of other inputs are provided to the microcontroller, 

30 including the door sensor 22, which in FIGS. 6A-6C is depicted as an optical sensor that provides a 
signal along the conductor 82. The motion sensor 36 outputs a signal along the conductive pathway 
80 to the microcontroller 60. Other inputs not depicted on FIGS. 6A-6C could include analog inputs 
for the temperature and humidity sensors, respectively. 
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Microcontroller 60 also controls certain outputs, including a pulse-width modulated (PWM) 
signal along conductor 72 that drives a transistor Q3, which converts the signal to a higher voltage 
and greater current that drives the motor 32. Other digital outputs from the microcontroller 60 run 
through a voltage shifting circuit of transistors Q4 and Q5, which shifts the signals from 3.3 volt logic 
5 levels to +5 volt logic levels to control the DAC 62. Depending upon the states of these signals, the 
output of DAC 62 will be an analog voltage along the conductive pathway 70 that controls the high 
voltage DC power supply's output voltage magnitude, as discussed above. As also discussed above, 
this DAC 62 may not be required for full production units, particularly if it is determined that a 
constant DC output voltage will be preferred as supplied by the high voltage DC power supply 28 

1 0 (see FIG. 7). This can be determined by the system designer. 

The microcontroller 60 also outputs two control signals to a visual indicator with two LEDs 
of two different colors. In this example embodiment, the LEDs used are green and red. The output 
signal along a conductive pathway 74 drives a solid state transistor Ql, which will turn on a green 
LED, as desired. Another output signal along a conductive pathway 76 drives a solid state transistor 

15 Q2 that provides current to drive a red LED. Both the red and green LEDs are part of a single bi- 
color device, generally designated by the reference numeral 64. When desired, the green light will be 
displayed to the user, or the red light v^ll be displayed. Also, both LEDs can be energized 
simultaneously, which will produce a yellow color discernible by a human user. 

As a non-limiting example of how the bi-color LED 64 could be used, a steady green color 

20 could represent an "ON" signal for the fabric article treating apparatus 10. If the motion sensor 36 is 
discerning movement in the dryer that sets up a sufficient vibration to actuate the motion sensor 36 
itself, then the green light could be flashing, for example. This could be a normal state for using the 
treating apparatus 10. During "spraying events" both the red and green LEDs could be energized, 
thereby showing a yellow color. This may inform the user that the spray droplets are actually being 

25 dispersed by the nozzle 24. If the door is opened, then the bi-color LED 64 could show a red color. 
If the battery voltage falls below a predetermined threshold, then the bi-color LED 64 could emit a 
flashing red light discernible by the user. These are just examples of possible indications for various 
operating modes. The colors of steady or flashing lights in various colors is completely up to the 
system designer and has much flexibility while falling within the teachings of the present invention. 

30 There are also many other methods of presenting operational information to the user, including an 
LCD display, or multiple individual lamps or LED*s, and such alternative methodologies fall within 
the scope of the present invention. 
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Referring now to FIG. 7, the power supply circuits 58 are depicted in greater detail. The 
battery may be used to drive a voltage regulator U6, which outputs a +3.3 DC volt power supply rail. 
The regulator in this embodiment is an integrated circuit chip. Part No. LP2985 which may be 
obtained from National Semiconductor, of Santa Clara, California. Another voltage regulator chip 
5 U5 is used to provide a +5 volt rail from a +12 volt power supply voltage, which is another LP2985 
regulator device (also available from National Semiconductor). FIG. 7 also depicts a boost switching 
regulator, which uses a +12 volt DC input power supply voltage and a switching regulator chip U7, 
which is an integrated circuit chip. Part No. LM2586 device, and also is available from National 
Semiconductor. Such voltage regulator chips are available from other semiconductor manufacturers 

10 as well. The boost regulator is generally designated by the reference niuneral 28, which is referred to 
in the earlier figures as the high voltage power supply. The output voltage is located at the node 
indicated by the reference numeral 39, and this represents an electrical conductor that carries the high 
voltage to the electrode 38 that charges the benefit composition in the reservoir 26, or at the nozzle 
24. FIG. 7 also shows a solid state relay U9 that directly provides current for the high voltage power 

15 supply rail (i.e., conductor 39) from the battery voltage. 

FIG. 8 diagrammatically shows the general location of some of the components of one of the 
stand-alone embodiments of the fabric article treating apparatus 10 of the present invention. As 
discussed above, the electronics 54 and the batteries 52 are located within the outer housing 50, which 
is electrically connected to a flat cable 40 that carries power supply and input/output signals between 

20 the outer housing 50 and the inner housing 20. 

Contained within the inner housing 20 are the reservoir 26, pump 30, electric motor 32, high 
voltage power supply 28, discharge nozzle 24, and various sensors that may or may not be included 
for a particular version of the treating apparatus 10. The electrical conductor 39 is depicted, which 
carries the high voltage to the nozzle 24, and this is one configuration that could be alternatively used 

25 instead of carrying the high voltage to the reservoir 26, The tubing 42 to the inlet of the pump is 
illustrated, as well as the tubing 44 from the outlet of the pump that provides the benefit composition 
to the nozzle 24. It should be noted that the high voltage power supply 28 is strictly optional within 
the teachings of the present invention; if spray droplets/particles emitted from the nozzle 24 are not to 
be electrostatically charged, then there is no need for a high voltage power supply within the inner 

30 housing 20. 

FIG. 9 illustrates an alternative embodiment for use with the present invention, which depicts 
a fabric article drying appliance generally designated by the reference numeral 110. In this mode of 
the present invention, the controller depicted in the stand-alone embodiment of the earUer figures is 
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now integrated into the electronic control system of the drying appliance 110. In this arrangement, a 
motion sensor would likely not be required, although it still could be used if certain information was 
desired for a particular model of the integrated electronic control system of drying appliance 110. A 
door 15 is illustrated in FIG. 9, which is the normal point of access by a human user to the interior 
5 drum volume of the drying appliance 110. A nozzle 24 is used to direct a benefit composition into the 
drum area, in which the drum is generally designated by the reference numeral 1 14. A supply pipe 44 
brings the benefit composition to the nozzle 24, through a control valve 120, that can have an 
ON/OFF push button 56, if desired. 

FIG. 10 illustrates an alternative stand-alone embodiment of the present invention, generally 

10 designated by the reference numeral 150. Components illustrated in FIG. 10 include a reservoir (or 
chamber) 26, an optional chzu^ging component 39 (such as an electrode or other type of electrical 
conductor that transports a high voltage to the reservoir or to the nozzle), a discharge nozzle 24, a 
pump unit 30, and a set of batteries 52. An electronic printed circuit board 54 is provided, which 
would typically include a microcontroller or other type of control circuit. One or more sensors are 

15 typically included in such a device, as depicted at the reference numeral 129, and could include a 
pressure sensor, a door sensor 22, motion sensor 36, humidity sensor 48, and/or a temperature sensor 
48. In this embodiment 150, all of the components are enclosed in a single housing, and the entire 
unit is positioned within a fabric article drying appliance, such as a conventional clothes dryer found 
in a consumer's home. 

20 It will be understood that the source of electrical energy used by the present invention may be 

provided in many different forms. For example, a battery (or set of batteries) can be used, such as the 
set of batteries 52, described above. However, standard line voltage could instead be used, such as 
120 VAC, single phase power, at 60 Hz; or in Europe, the line voltage would likely be at 220 VAC at 
50 Hz. For some installations, a more exotic source of electrical energy could be provided, such as a 

25 solar panel comprising photovoltaic cells or photoconductive cells. 

If a pressure sensor 129 is used, it could be placed in the pathway 44 that directs benefit 
composition to the nozzle 24, and it then can be used to determine deleterious pressure conditions in 
the pathway. If the nozzle 24 becomes sufficiently clogged, for example, then a back pressure will be 
exhibited in this pathway 44 which is detected by the pressure sensor. If the pressure abnormally 

30 increases to a harmful level — for any reason — ^the pressure sensor 129 could indicate this deleterious 
condition (in which a line or tube might burst if action is not taken), and the controller may decide to 
shut down the system. A pressure switch could be utilized instead of a pressure transducer, if desired. 
Note that such a pressure sensor can be included in any of the embodiments of the present invention. 
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The "single-housing" stand-alone unit 150 of FIG. 10 can incorporate all of the electrical and 
electronic components that are described herein with respect to FIGS. 5-7, including any optional 
features, such as the high voltage power supply and certain sensors used only in particular 
configurations of the present invention. Unless a different type of electrical power source is provided, 
5 there would be a need for a set of batteries 52, as illustrated in FIG. 10. 

There may be no need for an extended flat cable (such as flat cable 40 on FIG. 1) to carry 
electrical signals to and from the electronic controller on the printed circuit board 54, although some 
type of electrical conductors would be typically used for that purpose within the imitary device 150. 
However, an optional door sensor could be provided as a flat cable (or other form of cable or wire), 

10 similar to that described above in reference to the "dual housing" embodiment of FIGS. 1-4. This 
optional door sensor could comprise a pressure-sensitive conductor that is draped over the dryer's 
door, and could exhibit electrical characteristics that vary between a first condition in which the door 
is open, and a second condition in which the door is closed. Such a pressure-sensitive door sensor 
could provide a door open/closed signal, if the status of the door's position is useful to the apparatus 

15 designer. 

Another optional feature of the single-housing stand-alone unit 150 is the provision for a 
time-delayed cycle start feature. For example, when a user wishes to begin operation of a 
conventional clothes dryer, the user may open the dryer's door to press the ON-OFF switch (not 
shown on FIG. 10), and then close the dryer*s door. The electronic controller 54 can rely on the lack 

20 of motion of the dryer's drum (using a motion sensor 36) to prevent immediate spraying through the 
nozzle 24, or an optional timer could be added into the controller 54 that "waits" a few seconds before 
attempting to spray the benefit composition through the nozzle 24. 

Both the fabric article treating apparatus 1 10 and the fabric article treating apparatus 150 
may include certain safety features, such as a door sensor that can be used to interrupt a spraying 

25 event when the door of the fabric article drying appliance has been opened. Such a door sensor could 
also be used to interrupt electrical power to the high voltage power supply for a treating apparatus 
that uses an optional electrostatic nozzle. A motion sensor may also be provided as another safety 
feature and, as discussed above, would be advantageous for a stand-alone control unit (such as the 
unit 150) that might have no other methodology for determining whether the drum of the &bric article 

30 drying appliance is in motion. 

Some of the other features of the present invention provide enhanced performance, such as a 
situation in which more than one interval of spraying is used, and in particular where a "split interval" 
of spraying is utilized in which a first spraying event begins and ends, then a certain amount of 
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elapsed time occurs before the beginning of a second spraying event. In such a situation, the benefit 
composition to be dispensed within the clothes dryer through the nozzle 24 can be arranged such that 
a large majority of the composition is dispensed during the first spraying event, such as 80% of the 
entire amount that will be dispensed during a particular drying cycle. The remaining 20% could be 
5 sprayed later, which could actually occur near the end of the drying cycle, for example, during the 
cool-down cycle of the drying event (or cycle). This could be usefiil for a dewrinkling procedure, in 
which the correct amount of benefit composition at the correct dispensing rate may be critical. It will 
be understood that further spraying events (i.e., more than two spraying events) could be used in the 
drying appliance, without departing fi-om the principles of the present invention. 

1 0 One of the other parameters that might impact a dewrinkling process could be the dampness 

of the clothing, which could be determined by use of a humidity sensor, such as the humidity sensor 
46 depicted in FIG. 5. If too much of the benefit composition is delivered to a dry fabric at a quick 
rate, damp spots may form on the clothing and wrinkles may be induced as the creases are set by 
excessive moisture and pressure fi"om other articles of clothing. Conversely, if the benefit 

1 5 composition is delivered while the fabrics are still damp, or the benefit composition is delivered too 
slowly on dry clothing, then the benefit composition may not be able to effectively relax creases in the 
fabric articles. Variations in load size, types of fabric article drying appliances, fabric content, as 
well as humidity and temperature within the drum unit of the drying appliance, can all play a part in 
creating effective or ineffective dewrinkling procedures. Such variations can be effectively managed 

20 by utilizing the proper sensors, such as a humidity sensor, as well as a controller that has a capability 
of controlling the rate of dispensing, the initial time for a spraying event to begin, and the duration of 
the spraying event during which the benefit composition is dispensed to obtain optimum dewrinkling 
results. Furthermore, while other fabric benefits such as softening may best occur at high humidity 
(such that the softening actives may effectively spread on the damp fabric), other fabric benefits may 

25 be optimized at different humidity levels. 

One benefit of using a humidity sensor is that such a sensor can be used to determine when 
the "critical moisture content" has been achieved within the &bric article drying appliance. The 
second spraying event could start after the relative humidity has dropped by approximately 10% 
below the critical moisture content. This could be detected by the humidity sensor 46. In general, the 

30 first spraying event would have terminated long before the beginning of the second spraying event in 
this situation. However, if the fabric article drying appUance is set to a very small load, it could be 
possible for the first spraying interval to still be occurring at the time that the control system (along 
with the humidity sensor's input information) determines that the second spraying event should 
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commence. In that circumstance, there would not necessarily need to be a period of elapsed time in 
which there is no spraying procedure occurring whatsoever (i.e., there could be an overlap in the first 
and second spraying events). 

In the present invention, the humidity sensor's input information can be used to determine a 
5 "correct" time for initiating (or commencing) a spraying event. Such a "correct" time could be used as 
an absolute control variable, or it could be used in conjunction with other system parameters used by 
the controller when the controller determines that it is time to initiate (or commence) a spraying event, 
or perhaps even when it is time to terminate a spraying event. 

In one mode of operation of the present invention, the treating apparatus may commence the 

1 0 first spraying event when the relative humidity within the drum volume of the &bric article drying 
appliance is greater than 40%. For certain fabrics, or for certain drying methodologies, or for use 
with certain compositions that will be sprayed through the nozzle 24, it is preferred to commence the 
first spraying event when the relative humidity within the drum volume of the fabric article drying 
appliance is greater than 60%. 

15 In another mode of operation of the present invention, it is preferred to commence the second 

spraying event when the relative humidity within the drum volume of the fabric article drying 
appliance is less than 40%. For certain fabrics, or for certain drying methodologies, or for use with 
certain benefit compositions that will be sprayed through the nozzle 24, it is preferred to commence 
the second spraying event when the relative humidity within the drum volume of the fabric article 

20 drying appliance is less than 20%, or more preferably when the relative humidity is less than 10%. 

Another of the sensors that can be used to improve performance is a temperature sensor, such 
as the temperature sensor 48 depicted on FIG. 5. If a split interval spray methodology is used as 
described above, the temperature sensor 48 could determine when the fabric article drying appliance 
has entered into its cool-down cycle, which would typically occur near the end of the overall fabric 

25 treatment cycle. In many circimistances, it is beneficial to wait until the cool-down cycle has 
commenced before begirming the second spraying event, which would ostensibly occur after a first 
spraying event has commenced and terminated, and also after a certain amount of elapsed time has 
occurred during which no spraying at all is being performed. However, in a similar manner to that 
discussed above in relation to the humidity sensor, if a very small load has been selected by the user 

30 of the fabric article drying appliance, it may be possible for the first spraying event and the second 
spraying event to overlap, such that there would be no "true" split interval spraying procedure, 
because the first spraying event would not have terminated before it became time to begin the second 
spraying event. Thus there might not be an elapsed time interval during which no spraying at all 
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would be occurring. The temperature sensor may also work as a safety device (e.g., the spray would 
only be activated if the dryer reaches a predetermined temperature). 

Another enhanced performance feature of the present invention when using a high voltage 
power supply 28, is a possibility of varying the voltage of the electrostatic spray, if desired, to adjust 
5 for various humidity conditions within the fabric article drying appliance. At the beginning of the 
drying cycle, the benefit composition could begin spraying at a voltage of about 4-6 kV, which would 
typically occur during a condition of relatively high humidity. As the humidity decreases, it may 
become beneficial to reduce the electrostatic voltage that is applied to the benefit composition being 
sprayed through the nozzle 24. Accordingly, at a lower humidity (such as near the end of the 

10 treatment cycle), a lower output voltage from the high voltage power supply 28 can deliver a 
sufficient charge/mass ratio with regard to the electrical charge versus the mass of the benefit 
composition being dispensed through the nozzle 24. As discussed above, a more sophisticated high 
voltage power 28 supply could be included in the fabric £uticle drying appliance, which would allow 
the controller to literally control the output voltage that will be imparted onto the electrode, which in 

1 5 turn charges the benefit composition, either within the reservoir 26 or at the nozzle 24 itself. 

There may be situations where the output voltage is slowly modulated or varied over time, 
and some of these situations may actually call for an increase in the output voltage under certain 
conditions. However, as the humidity decreases within the fabric article drying appliance, it will 
typically be preferred that the variable output voltage of the high voltage power supply 28 produce a 

20 lower voltage magnitude, in which the voltage could be reduced to approximately 1-4 kV, for 
example, by the end of the fabric treatment cycle. 

Another enhancement provided by the present invention is the use of a variable speed motor 
32 for driving the pump 30. If the motor 32 is energized by use of a pulse-width modulation control 
scheme, the PWM duty cycle can be increased as the battery voltage begins to decrease. This will 

25 have the effect of controlling the effective output provided by the pump 30, and will attempt to keep 
the output volume of the pump 30 substantially constant, even when the battery voltage begins to drop 
as the battery 52 discharges. The exact tolerance to which the "substantially constant" pump output 
volume is to be held may be left up to the designer's preference, however, a 10% or 20% (or perhaps 
even a greater percentage) tolerance perhaps would be an improvement over merely allowing the 

30 pump's performance to falter, so long as the controller can continue to maintain a greater duty cycle 
(i.e., until reaching its peak at 100% duty cycle). The battery would tend to be discharged even 
faster, when using this mode of operation. 
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At the same time, if a high voltage power supply 28 is used that has a variable output voltage 
that can be controlled, then that output voltage could also be "increased" as the battery voltage begins 
to fall, so that the effective output voltage will remain substantially constant, if desired by the system 
designer. As an alternative design, the input voltage driving the high voltage power supply 28 could 
5 . be increased as the battery voltage starts to decrease, thereby keeping the voltage to the motor 32 (or 
to a piezo pump 30 — see below) substantially constant. The exact tolerance to which the 
"substantially constant" effective voltage is to be held may be left up to the designer's preference, 
however, a 10% or 20% (or perhaps even a greater percentage) tolerance perhaps would be an 
improvement over merely allowing the voltage to fall without any attempt at correction, so long as the 

10 battery can continue to supply enough current to allow the controller to operate. The battery would 
tend to be discharged even faster, when using this mode of operation. 

As noted above, one type of pump 30 that can be used in the present invention is a peristaltic 
pump, including for use in an electrostatic spraying application. Another preferred type of pump 30 
usable in the present invention is an ultrasonic piezo pump, which has the advantage of having no 

15 major moving parts. While certain membranes or laminations (or other types of layers) may vibrate 
in a reciprocating-type fashion, the piezo pumps do not have major moving parts that can wear out, 
such as rotating shafts and bearings used with a rotary member to displace a liquid or gaseous fluid. 
Also, reciprocating pumps require major moving parts that can also wear, and thus require some type 
of bearings or bushings that end up as wear surfaces. An exemplary piezo pump usable in the present 

20 invention is manufactured by PAR Technologies, LLC, located in Hampton, Virginia, and in 
particular PAR Technologies* "LPD-series" laminated piezo fluid pumps. Pumps manufactured by 
PAR Technologies can be obtained which draw a relatively low current. Such piezo pimips would not 
require a separate motor, such as the motor 32 depicted on FIG. 5. 

All documents cited in the Detailed Description of the Invention are, in relevant part, 

25 incorporated herein by reference; the citation of any document is not to be construed as an admission 
that it is prior art with respect to the present invention. 

While particular embodiments of the present invention have been illustrated and described, it 
would be obvious to those skilled in the art that various other changes and modifications can be made 
without departing from the spirit and scope of the invention. It is therefore intended to cover in the 

30 appended claims all such changes and modifications that are within the scope of this invention. 



